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Little Higgs scenario provides us a new solution for the hierarchy problem of the Stan- 
dard Model. The Littlest Higgs model with T-parity, which is one of models in the 
scenario, solves the dark matter problem in our universe. In this talk, we discuss how 
accurately the property of the dark matter is determined at linear collides. We also 
mention how precisely does the thermal abundance of the dark matter determined at 
the 500 GeV and 1 TeV collides, and compare the results with those at the LHC [T]. 

1 Introduction 

The Higgs sector in the Standard Model (SM) receives large quadratic mass corrections 
from top and gauge boson loop diagrams. New symmetries involving top-Higgs and gauge- 
Higgs sectors below 1 TeV are proposed to remove the corrections. Important new physics 
candidate is the Minimal Supersymmetric Standard Model. Recently, alternative scenarios 
which do not rely on Supersymmctry have been proposed. The little Higgs model [2] is one of 
these alternatives. In this model, the Higgs boson is regarded as a pseudo Nambu-Goldstone 
boson, which originates in the spontaneous breaking of a global symmetry at certain high 
scale, and the global symmetry protects the Higgs mass from the quadratic corrections. 

The simplest version of the model is called the littlest Higgs model [5]. The global 
symmetry of the model is SU(5), which is spontaneously broken into SO (5). The part of 
the SU(5) symmetry is gauged, and the gauge symmetry is SU(2)ixSU(2)2xU(l)ixU(l)2- 
The top sector is also extended to respect the part of the global symmetry. The model thus 
contains several new particles such as heavy gauge bosons and top partners. This model, 
however, predicts a large correction to the clcctroweak (EW) observables because of the 
direct mixing between heavy and light gauge bosons after the EW symmetry breaking [3]. 
The precision EW measurements force the masses of heavy gauge bosons and top partners 
to be 10 TeV, reintroducing the fine tuning problem to the Higgs mass. A solution of the 
problem is the introduction of T-parity to the model which forbids the mixing [5] . This is 
the symmetry under the transformations, SU(2)i<->SU(2)2 and U(l)i^U(l)2. Almost all 
new particles are assigned a T-odd charge, while the SM particles have a T-even charge. 
The matter sector should be extended so that T-odd partners are predicted. The lightest 
T-odd particle is the heavy photon Ah , which is stable and a candidate for dark matter [5] . 

In this talk, we consider the Littlest Higgs model with T-parity (LHT) as a typical 
example of models implementing both the Little Higgs mechanism and T-parity. We focus 
mainly on how accurately the property of Ah (dark matter) is determined at the LHC and 
ILC, and discuss the connection between these collider experiments and cosmology. 
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2 Collider Signatures 



Wc consider production processes of new heavy particles as a collider signature of the LHT; 
productions of top partners at the Large Hadron Collider (LHC), and those of heavy gauge 
bosons at the ILC with 500 GeV and 1 TeV center of mass energies. This is because top 
partners and heavy gauge bosons play an important role in the cancellation of quadratically 
divergent corrections to the Higgs mass, namely the Little Higgs mechanism. At the LHC, 
top partners are expected to be copiously produced, and their properties will be determined 
accurately. However, it is difficult to determine the properties of heavy gauge bosons at 
the LHC, because they have no color charge. On the other hand, the International Linear 
Collider (ILC) will provide an ideal environment to measure the properties of heavy gauge 
bosons. Detections of the signals at both LHC and ILC experiments are therefore mandatory 
to search the LHT, which leads to the deep understanding of the Little Higgs mechanism. 

In order to perform 
a numerical simulation at 
the collider experiments, we 
need to choose a representa- 
tive point in the parameter 
space of the LHT. We con- 
Table 1: Representative point used in our simulation study sider the eleetroweak preci- 
sion measurements and the 

WMAP observation to choose a point. Using a well-used analysis, we have selected a 
point shown in Table [TJ No fine-tuning is needed at the sample point to keep the Higgs 
mass on the eleetroweak scale. The masses of the top partners (T+i T-even top partner, r„: 
T-odd top partner) and heavy gauge bosons (A//: heavy photon, Wh{Zh)- heavy W{Z) 
boson) at the point are also summarized in the Table. Notice that, once we fix the param- 
eters / (vacuum expectation value of the breaking; SU(5) —* S0(5)), rrih (Higgs mass), A2 
(A2/ gives a vector-like mass of the T-odd top partner), and ni (v^k;/ gives a vector-like 
mass of heavy leptons), all masses of new particles and their interactions are completely 
determined. 

We consider following three processes, pp T+T^, pp T+t (^2 + ), PP T^T^ as 
signals of the LHT at the LHC. The T-cven top partner decays mainly into tW ^ while 
T_ decays into IAh with almost 100% branching fraction. On the other hand, there are 
several processes for the productions of heavy gauge bosons at the ILC. Among those, we 
consider the process e+e" AhZh for the signal at the ILC with — 500 GeV (1.9 fb), 
because + rnzH is less than 500 GeV. On the other hand, we focus on e+e^ — > W^W^ 
at y/s = 1 TcV, because huge cross section (280 fb) is expected for the process. Note that 
Zh decays into Anh, and Wh decays into AhW with almost 100% branching fractions. 

2.1 Signatures at the LHC 

For Tj^T^ pair production process, an accurate determination of m^^ is possible. For single- 
T_|_ production, we can obtain information on the mixing parameter between r+ and top 
quark from the measurement of its cross section. For T_T_ pair production, studying 
the upper end-point of the Mt2 distribution, a certain relation between and mT_ is 

obtained. See Ref. for more details of these simulation studies. Since the top sector in the 
LHT is parameterized by / and A2, each measurement of these three observables provides 
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a relation between these two parameters. The measurements of the three observables then 
give non-trivial determinations of the parameters / and A2 . It turns out that the parameter 
/ is determined to be / = 580 ± 33 GeV at the representative point. 



2.2 Signatures at the ILC = 500 GeV) 



The signature of the AhZh production is 
a single Higgs boson in the final state, 
mainly 2 jets from h — > bb. Importantly, 
Ah and Zh masses can be estimated from 
the edges of the distribution of the recon- 
structed Higgs boson energies. The signal 
distribution after backgrounds have been 
subtracted is shown in FiglT] The end- 
points, i?,nax and Sniin i havc bccn estimated 
by fitting the distribution with a line shape 
determined by a high statistics signal sam- 
ple. The fit resulted in and being 
83.2 ± 13.3 GeV and 366.0 ± 16.0 GeV, re- 
spectively. With these values, it turns out 
that the parameter / is determined to be 
/ = 576 ±25.0 GeV . Sec Ref.g] for more 
details of the simulation study. 
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Figure 1: Energy distribution of h 



2.3 Signatures at the ILC (yi = 1 TeV) 



(b) 



A „ mass: 81. 58 ± 0.6685 
W„ mass: 368.3 ± 0.626 



Since Wh decays into Ah and W with 
the 100% branching fraction, analysis pro- 
cedure depends on the W decay modes. We 
have used 4-jct final states from hadronic 
decays of two W bosons. As in the case 
of the AhZh production, the masses of Ah 
and Wh bosons can be determined from the 
edges of the W energy distribution. The 
energy distribution of the reconstructed W 
bosons after subtracting SM backgrounds 
is depicted in Figl^l where the distribu- 
tion has been fitted with a line shape de- 
termined by a high statistics signal sample. 
The fitted masses of Ah and Wh bosons 
arc 81.58 ±0.67 GeV and 368.3 ±0.63 GeV, 
respectively. The mass resolution improves 
dramatically at = 1 TeV, compared to 

that at ^/s = 500 GeV. Using the masses obtained by the simulation, the parameter / is 
determined as / = 580 ± 0.09 GeV. It is also possible to determine the spin and SM gauge 
charges of the Wh boson, and the helicity of W bosons from the decay of Wh at the 1 TeV 
ILC experiment. See Ref.|8] for more details of the simulation study. 
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Figure 2: Energy distribution of W 
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3 Cosmological connection 



Once we obtain the parameter /, it is pos- 
sible to establish a cosmological connection. 
The most important physical quantity rele- 
vant to the connection is the thermal abun- 
dance of dark matter relics flh^. It is well 
known that the abundance is determined by 
the annihilation cross section of dark mat- 
ter. In the LHT, the cross section is de- 
termined by / and m/j in addition to well 
known gauge couplings. The Higgs mass mh 
is expected to be measured very accurately o.09 0.1 0.11 0.12 

at the ILC experiment, so that it is quite im- q, h' 

portant to measure / accurately to predict 

the abundance. Figure [3] shows the proba- Figure 3: The probability density of flh^ 
bility density of fi/i^ obtained from the re- 
sults in the previous section. As shown in the figure, the abundance will be determined with 
0(10%) accuracy even at the LHC and the ILC with y/s = 500 GeV, which is comparable to 
the WMAP observation [9]. At the ILC with ^/s = 1 TeV, the accuracy will improve to 1% 
level, which stands up to that expected for future cosmological observations such as from the 
PLANCK satellite [10]. Note that the results at the ILC are obtained model- independent 
way, while those at the LHC are obtained using the relation predicted by the model. 
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